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For 52 target nuclei with deuteron as projectile, we calculate the reaction cross sections and 
elastic scattering angular distributions, as well as the \ 2 values for 11 kinds of deuteron optical 
model potentials: our global deuteron optical potentials and 10 folding optical potentials calcu- 
(yQ , lated with 2 phenomenological global nucleon optical potentials given by Koning et dl(KD) and by 

o 

Varneret a/(CH89), and 8 microscopic nucleon optical potentials with the generalized Skyrme force 

(N 



parameters(GSl-6) and modified Skyrme force parameters(SKa, SKb). 

We find that for constructing the folding deuteron optical potential, both SKa and SKb are the 
best Skyrme force parameters of the microscopic nucleon optical potential proposed by Q. Shen et 



I. INTRODUCTION 



>■ nn 

Deuteron is the simplest compound particle consisting of a proton and a neutron. It was suggested |l| [2| [3| that, to 



the first approximation, the optical potential of a compound particle should be the sum of the optical potentials of 



, its constituent nucleons, suitably averaged over their internal density distributions in the compound particle. 

OO ' I 

Recently, H. An and C. Cai[4[ obtained a global deuteron optical model potential for almost all target nuclei 



ranging from 12 C to 238 U in the energy region below 183 MeV; we call it GL. It is a phenomenological optical 
potential containing many adjustable parameters and can reproduce the existing experimental data well. However, 



for those nuclei that lack experimental data, especially for the nuclei that are far from the beta-stability line, we 
can not with full confidence use it to predict the reaction cross sections and elastic scattering angular distributions, 
because it has no solid theoretical basis. 

In this work, we calculate the deuteron optical model potential by folding the proton and neutron optical potential 

n 

obtained with the phenomenological method and one of the microscopic approaches proposed by Q. Shen et al 5] which 
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has analytical formula and is suit for a large amount of calculations in nuclear data evaluation and analysis, and all of 
them do not contain any free parameters in our calculation of deuteron optical potentials, the reaction cross sections 
and the angular distributions of elastic scattering. The \ 2 represents the degree of agreement between the calculated 
values of the reaction and differential elastic cross sections and their experimental data. We compare the \ 2 values 
calculated with our global deuteron optical potential(GL) and with ten kinds of folding deuteron optical potentials, 
which correspond to ten kinds of nucleon optical potentials: the phenomcnological global optical potential given 
by Koning et a/f6](KD)and by Varner et al 7|(CH89) and the microscopic optical potential 5| with the generalized 
Skyrme force parameters (GS1-6)[8|, and modified Skyrme force parameters (SKa, SKb) for many nuclei. If we 
use the folding deuteron optical potential which are obtained from microscopic nucleon optical potential to calculate 
the reaction and differential elastic cross sections for those nuclei with plenty of experimental data, and obtain good 
theoretical results in agreement with experimental values, we can with confidence extend it to those nuclei which 
lack experimental data, because it has a reliable theoretical basis. Q. Shen and co-works made a large amount of 
calculations of neutron cross sections and angular distributions for various nuclei and obtained rather good results in 



accordance with experimental data 



10] 



15| . They found that for neutron as projectile, the Skyrme force parameter 
GS2 is the best one and the next is SKa. In this work we will find which is the best Skyrme parameter for deuteron 
as projectile. 

This paper is arranged as follows. In Sec. II, we provide the folding model and deuteron ground state wave function 
used in folding calculation. Sec. Ill gives results and discussion. Finally, a summary is given in Sec. IV. 



II. THE FOLDING MODEL AND DEUTERON GROUND STATE WAVE FUNCTION 



A. The folding model 



The folding model used for the deuteron optical potential Ud is 



2 V so +iW so df so {r) o5 



U d {r) = < U n + U p + V c > +Xi — ™^^2S-l 

r ar 



ds[U n {rn) + U p {r p ) + V c {r P M(s) + A* V »° + iW *<> d Ml 2 g -l ( I ) 

r ar 



where 



f so (r) = [1 + cxp((r - r so A 1 / 3 )/a so )}~ 1 (2) 



Here U n and U p are, respectively, the neutron and proton optical potentials containing central real part, surface 
absorption and volume absorption imaginary part, at half the bombarding energy of the deuteron. V so and W so are, 
respectively, the real and imaginary part of spin-orbital coupling potential of deuteron. X K is the Compton wave 
length of pion, usually A 2 = 2.0/m 2 . V c (r) is the coulomb potential. That is to say, in this work, the folding model 
is only used for central real, imaginary part and coulomb potentials. The spin-orbital coupling potential can not be 
treated as the central potential in folding model because the spin is 1/2 for neutron and proton and 1 for deuteron. 
Then we suppose that the spin-orbital coupling potential as well as their parameters are the same as in Ref. [J]. And 
4>d is the deuteron ground state wave function used in folding integration. In the work of F. G. Perey and G. R. 



Satchler 



3, 



], they chose Hulthen function as the deuteron ground state wave function. In this work, we calculate it 
with numerical method, which will be discussed in the following section. Here s '= f n — f v , and r = h(r^ + f£) is the 
position of the center of mass of the deuteron. 



B. The deuteron ground state wave function 

The deuteron consists of a proton and a neutron with a bing energy of £o = 2.2259MeV. The Hamiltonian of the 
deuteron system can be written as: 



(3) 



where V(r) is the interaction between proton and neutron in deuteron and m is the reduced mass of the deuteron 



system. We choose V(r) as the Gauss form 



17] 



V(r) = -v exp[-(-) 2 ] 

To 



(4) 



In Ref. 



17j . the parameters of vq and ro are taken as 72.15 MeV and 1.484 fm, respectively. The eigen equation of 



the deuteron ground state can be written as 



(H - e )Mr) = with e = 2.2259MeV 



(5) 



where (j>d(?) is the deuteron ground state function. We solve this equation with numerical method [18j. In order to fit 
the experimental data of deuteron bound energy Eq = 2.2259MeV, we change the parameter vo as 72.194 MeV, which 
is a little different from that in Ref. [17| . The wave function of the deuteron ground state varying with r is plotted in 



Fig 1. 
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III. RESULTS AND DISCUSSION 

Our theoretical calculation is carried out in the non-relativistic frame, no consideration is given to the relativistic 
kinetics corrections because they are usually very small when E< 200 MeV (see Ref.|4|). All experimental data used 



in this work are taken from EXFOR(web address: http://www.nndc.bnl.gov/). As for data errors, usually we take 



the values given in EXFOR; in the case that the data errors are not provided in EXFOR, we take them as f 0% of the 
corresponding experimental data. 

For a certain nuclide, the \ 2 represents the deviation of the calculated values from the experimental data, which is 
defined as follows: 



Nnon „th exp JV e J ATj th , - \ tip,- % 

tv^t L, I — at 5 " : — > + 7U ^ m l~> \ — A^fiij) — I 



th 

non,i 



A W non + W el V ; 

where cr*^ and a^,f p (i,j) are the theoretical and experimental differential cross sections at the j-th angle with the 
i-th incidence energy, respectively. The subscript el means the data are for the elastic scattering angular distribution. 
Aa^ p {i, j) is the error of corresponding experimental data. Ni is the number of angles for the i-th incidence energy. 
N e i is the number of incident energy points of clastic scattering angular distribution for a given target nucleus, a 
and cr^o^ j are the theoretical and experimental reaction cross sections at the i-th incidence energy, respectively. The 
subscript non means the data are for the reaction (or nonelastic) cross sections. Aa^J^ i is the error of corresponding 
experimental data. N non is the number of incident energy points of reaction cross sections for a given target nucleus. 
The W e i and W non are the weight of angular distribution of elastic scattering and reaction cross sections, respectively. 
As for the weights of W e i and W non , we believe that experimental data of all nuclei are same reliable, and equal 
weights are applied with W e i=2.0 and W non =0.1 as in Ref.[4|. 

The target nuclei and the corresponding incident energies used in calculations are showed in Table I. And we use 
XnGL to express the \ 2 calculated with the global deuteron optical potential [J] for the n-th nucleus, the Xni f° r i=KD, 
CH89, GSf-6, SKa, SKb(see Table II- V) to express the \ 2 calculated with the folding deuteron optical potential (see 
Eq.(l)) using the nucleon optical potential parameters of Koning et o/[6(, Varner et aZ[7|, microscopic optical potential 
parameters 8| 9j , respectively. The results are given in Table II-V. As for calculating the microscopic optical potential 
of nucleon, we use the analytical formula given by Q. Shen et a/[5[. 

In order to choose the best one for constructing folding deuteron optical potentia among the ten kinds of nucleon 



optical potentials, we define 



1 N 

X j = Yl *™ with 1 = GL ' KD ' CH89 i SKa, SKb, GSl - 6 (7) 
11y 2 

x l. = — with i,j = GL,KD,CH89,SKa,SKb,GSl-6 (8) 

3 

1 N 

<x 2 >=—^2xl t with i = GL,KD,CH89,SKa,SKb,GSl-6 (9) 

n=l 

where N=52 is the total number of nuclei in Table I. For a given target nucleus n, the Xni defined in eq. (8) is the 
relative x 2 of i-th optical potential among the 11 kinds of optical potentials. For these 52 nuclei, xf defined in eq. 
(7) is the average value of these x 2 themselves; < xf > defined in eq. (9) is the average value of the relative x 2 , it 
can express more clearly than xf which is the best one among the 10 kinds of nucleon optical potentials. The values 
of these Xni and Xni are given in Table II- V, and both the xf and < X 2 i > are given in Table VI. 

From Table II-V, we can see that except for e Li, 9 Be, 11 J5, 1A N , 27 Al, 112 Sn, the value of XnGL i s always the 
minimum one among the 11 Xni values because the parameters in global deuteron optical potential are obtained 
based on the experimental data of total reaction cross sections and elastic scattering angular distributions of deuteron 
itself. Generally speaking, the Xni f° r i=Ch89, KD, SKa, SKb, are with small values and closed to each other for 
all the 52 nuclei, and the values of Xni f° r i=GST6 are much larger than those of Ch89, KD, SKa, SKb for most of 
the 52 nuclei. From Table VI we can clearly see that for both xf and < x 2 i >, SKa and SKb are with nearly equal 
small values which are less than those of KD and CH89, and the values of GS1-6 are much larger than those of SKa, 
SKb, KD and CH89. Therefore, we can conclude that the microscopic nucleon optical potential with the generalized 

n 

Skyrme force parameters(GSl-6)[8j are not suitable for constructing folding deuteron optical potential. And SKa and 
SKb are two best Skyrme force parameters of microscopic nucleon optical potentials for constructing folding deuteron 
optical potential. 

For giving an intuitional display, as examples we plot the experimental data and the theoretical values of the elastic 
scattering angular distributions for the targets Mg and 120 Sn in Figs. 2, 3, respectively; and the reaction cross 
sections for the targets 27 Al, 90 Zr, 120 Sn and 208 Pb in Fig. 4. The theoretical values are calculated for the global 
deuteron optical potential 4J] and two sets of the folding deuteron optical potentials obtained from the phenomenological 
global nucleon optical potential given by Varner et aZ[7| (CH89) and the microscopic optical potential with modified 
Skyrme force parameters SKa9(. From Figs. 2-4 we can see that the calculated values for two sets of folding optical 



potential can basically reproduce the experimental data. In Figs. 5, 6 we also give the real part and imaginary 
part of three sets of deuteron optical potentials at the incident energies 1, 10, 100, 200 MeV for target 208 Pb. 
Among the three sets of deuteron optical potentials, there are two sets of folding optical potentials constructed with 
the phenomenological global nucleon optical potential CH89 and the microscopic nucleon optical potential with the 
modified Skyrme force parameters SKa, as well as the global deuteron optical potential(GL) 4]. In all figures, the solid 
lines represent the values calculated with GL, the dashed lines correspond to CH89, and the dotted lines to SKa. To 
see clearly, in Fig. 5, for the real part of deuteron optical potentials, the curves at the top represent the true values, 
while the others are multiplied by a factor of 2, 3 and 4, respectively; in Fig. 6, for the imaginary part, the curves at 
the top represent true values, while the others are multiplied by a factor of 10, 15 and 20, respectively. 

IV. SUMMARY 

In this work, for 52 target nuclei with deuteron as projectile, we compare the xta Xni> Xi an d < X 2 i > values for 11 
kinds of deuteron optical model potentials: the global deuteron optical potential[4j and 10 folding optical potentials 
calculated with 2 phenomenological global nucleon optical potentials given by Koning et o/(KD) and by Varnerei 
aZ(CH89), and 8 microscopic nucleon optical potentials |5] with the generalized Skyrme force parameters(GSl-6) and 
the modified Skyrme force parameters(SKa, SKb). 

For giving an intuitional display, we plot the experimental data and the theoretical values of the elastic scattering 
angular distributions and/or the reaction cross sections of the targets 24 Mg, 27 Al, 90 Zr, 120 Sn and 208 Pb for three 
kinds of deuteron optical potentials. We also compare the same three kinds of deuteron optical potential themselves 
for target 208 Pb. 

Through the comparisons, we find that for constructing folding deuteron optical potential, the microscopic nucleon 
optical potential 5j with Skyrme force parameters SKa and SKb are the best two because they can reproduce the 
experimental data some better than the phenomenological global nucleon optical potentials: KD and CH89. Consid- 
ering that for neutron as projectile, the microscopic nucleon optical potential Skyrme force parameters GS2 and Ska 
are the best two, we conclude that Ska is the best Skyrme force parameter of microscopic nucleon optical potential 
for both neutron and deuteron as projectiles. The microscopic nucleon optical potential has reliable theoretical basis, 
we can with confidence use it to predict the data of cross sections and angular distributions for those nuclei which 
lack experimental data and are outside the applicable ranges of the global deuteron optical potential 4 1 . 
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TABLE I: Incident deuteron energy for every nuclide used in the calculations 



Nucleus 


Number of 
energy points 


cncrevfMcV) 


Nucleus 


Number of 
energy points 


enerevfMeV) 


6 Li 


25 


3-27.3 


59 Co 


1 


6.5 


9 Be 


35 


1.1-160 


5S Ni 


13 


10.98-120 


10 B 


1 


11.8 


60 Ni 


14 


8.9-97.4 


n B 


2 


5.5-11.8 


65 Cu 


3 


11-34.4 


i2 C 


16 


4-170 


68 Zn 


8 


9-80 


i3 C 


2 


13.7-17.7 


70 Ge 


1 


171 


"N 


12 


1.3-52 


72 Ge 


1 


171 


16q 


19 


0.98-171 


74 Ge 


1 


6.02 


20 Ne 


1 


52 


86 Sr 


1 


88 


22 Ne 


1 


52 


S9y 


6 


15-85 


24 M K 


17 


52-170 


90 Zr 


13 


5.5-183 


27 A1 


17 


5-160 


93 Nb 


5 


11.8-52 


28 Si 


18 


1.1-97.4 


103 Rh 


5 


11.8-52 


32 S 


5 


11.8-171 


112 Sn 


1 


23 


40 Ar 


3 


11.8-56 


116 Sn 


6 


23-183 


39 R 


1 


12.8 


118 Sn 


3 


14.5-56 


40 Ca 


10 


5-140 


120 Sn 


12 


11-97.4 


44 Ca 


4 


9-56 


124 Sn 


5 


14.5-97.4 


48 Ca 


7 


9-97.4 


140 Ce 


1 


52 


48 Ti 


6 


9-52 


181 Ta 


3 


11.8-52 


50 Ti 


4 


11.8-52 


186 w 


1 


12 


V 


1 


171 


197 a 

Au 


6 


11-52 


Sly 


4 


13.6-171 


206 Pb 


2 


11.8-79.4 


52 Cr 


11 


4.39-34.4 


208p b 


29 


9-140 


54 Fe 


9 


10-56 


209 Bi 


3 


11-52 


56 Fe 


8 


5-56 


232 Th 


3 


11.8-70 
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TABLE II: Xni an d Xni f° r every nuclide 



Nucleus 


v 2 

XnGL 
X 2 nGL 


^ 2 

XnCH 89 
X 2 nCH89 


v 2 

XnKD 
X nKD 


v 2 

XnSKa 
A 72 

A nSKa 


^ 2 

XnSKb 
A 72 


XnGSl 
X 2 nGSl 


■v 2 
A 72 

X nG52 


■v 2 

XnG53 
X nG53 


^ 2 

XnG54 
A 72 

X nG54 


v 2 

XnGS5 


^ 2 

X 2 nGS6 


6 Li 


i oo 7o 
iyz. /y 


i qo OQ 


1 OI 

iyi. /o 


Ol /I AO 
Z14.0U 


zlo.Oo 


OI A 1 Q 

zl4.1o 


O 1 A QO 

ziy.oz 


OOA OI 

zzy. ui 


OOA Q1 

zzy. oi 


O/l O /I 

z4U.4z 


OCC QO 

zoo.oy 




n qaoqk. 
U.oyUoO 


U.ooOO 


U.ooOOl 


O AA1 OA 

u.yyiuo 


u.yoooi 


A OfiOl A 

u.yoyi4 


i 01 p;i q 
l.UlOlo 


1 a^7/ : ;q 
1.U0 (Oo 


1 AP.AAQ 

i.uoyuo 


ill oqi 
l.llUol 


1 1 70/1 Q 

1.1 /y4o 


9 Be 


04/.00 


OO/I oo 
oz4.zy 


/lOI QO 
4U1. OZ 


oco OQ 

oOo.Uo 


QO/1 7A 

oy4. /u 


700 QA 

/ 00.0U 


7QO OO 

/oz.yz 


050.44 


QAf? «A 

oyo.o4 


QOC CO 

ooo.oy 


OA/i C\1 

zyo.o / 




U.oUzOO 


A 7/1 OOQ 

U. / 4oyo 


O AOAQQ 

u.yzOoo 


U.ozOyo 


u.yiioo 


1 QOl 7 

l.ozl ( 


1 QOQ1 Q 

l.oUolo 


1.O04O / 


O Al f?AQ 

u.yiouo 


O QAAC 

u.oyuo 


A fiQ C 1 d 

U.OoOlO 


10 B 


cq aa7 
Oo.UU / 


1 QO /I O 

ioy.4y 


1 QO /I A 

ioy.4y 


i QA /lO 

ioy.4y 


1 QO /I A 

ioy.4y 


1 SO A A 

ioy.4y 


1 QA /IO 

ioy.4y 


1 QA /IO 

ioy.4y 


1 QA C^A 

loy.ou 


1 QO P.O 

loy.ou 


1 QO en 

loy.ou 




a OAAQQ 


i 0700/1 
l.U /UU4 


1 A7AA/I 
1.U/UU4 


1 A7AAA 
l.U* UUO 


1 0700fi 

l.U / uuo 


i 0700P; 
l.U / UUO 


i 0700P; 
l.U /UUO 


1 A7AA^ 

l.U /UUO 


1 0701 

l.U /Ul 


1 07AAA 

i.u /uuy 


1 0701 1 

l.U /Ull 


n B 


00. / oz 


C7 7C 

/ .O /0 


or i r)0 

oO.lzz 


A A A 7 A 

00.0/0 


OO.Olo 


OQ OAf? 

yo.zuo 


111 KA 

111.04 


1 07 07 

lz / .0 / 


70 71 O 

/o. /1U 


7H 770 

/y. / /o 


1 OQ CA 

lUo.oU 




a 77fii /i 
U. / / yi4 


U.O /0 /0 


O AAQQA 

u.yyooo 


A 77QC 

U. * * oo 


A 777Q1 

U. * * /ol 


1 1 Addl 

1.1400o 


1 qooqp: 
l.oUzoO 


1 /1Q7AA 

i.4o /uy 


O QfiAfiO 

U.oOUOz 


O AQ 1 /I 1 

u.yoi4i 


1 OfifiQQ 

l.zOOoo 


12 C 


yo.Uoy 


1 fiK 71 
100. / 1 


i oo oe 
lUU.zO 


1 /IS 1 Q 
14o. lo 


1 /I tr or 

140. oO 


1 QQ AO 

loo.yy 


1 70 RC\ 

1 /U.OU 


1 (^O QQ 

lOz.oo 


COQ /I Q 

0Uo.4o 


070 
/ 0.00 


Q/1 A QQ 

o44. 00 




n /i ^.ai fi 
U.40U10 


A 7/iO/i/l 
U. / 0U04 


O A AA1 7 

U.40U1 ( 


O AQA1 7 

U.OoUl * 


U.00 / lo 


A Q/1 A 

U.O4400 


O 7QQOO 

u. /oouy 


O 7/1 7/^^ 
U. /4 /00 


O Ql 1 AQ 

z.ol lUo 


1 71/171 

1. / 14 / 1 


1 eQOeQ 

l.OoUOo 


13 Q 


1 HQ flQ 

lUo.yo 


/lit; ao 
410. Uz 


A 1 A1 

410. Ul 


/i i a oi 
410. Ul 


A 1 Al 

410. Ul 


a 1 a ai 
410. Ul 


a~\ a 01 
410. Ul 


A 1 OI 

410. Ul 


/lie: ao 

410. yz 


/11C OO 

410. yz 


/I 1 c 01 

410. yi 




U.ZOOll 


i 07Q0Q 

l.U / ozo 


1 A7QOP. 

l.U* OzO 


1 A7QO/I 
l.U* 0z4 


1 07Q0fi 

l.U / ozO 


1 07Q0fi 

l.U / ozO 


1 07Q07 

l.U /oz / 


1 07QO^ 

l.U / ozO 


1 A7QAO 

l.U / oUz 


1 A7QAQ 

l.U / 0U0 


1 07Q01 

l.U / oUl 


14 N 


oU.041 


07 tree 
o / .000 


71 cf;i 
/ l.oOl 


70 AOA 

/ o.oyo 


70 Q/I A 

* Z.o4U 


/lO r^l O 
4y.01Z 


c Q7Q 


7A Q1 1 

/y.oii 


1 1 a OA 

110. yu 


117 t^Q 

11 /.Oo 


1 /IO QA 
14Z.00 




a AQO/iQ 

u.yozoo 


l.UlzOO 


O QQ1 Al 

U.oolUl 


O Al Al Q 

u.yiuio 


U.ooOOo 


U.O / zOO 


A fiOQI /I 
U.0ZO14 


O AOQAQ 

u.yzoUo 


1 qc;oao 
l.oOZUz 


1 Q^AQ7 

i.ooyo / 


1 fi/l^eQ 
1.0400O 


16 Q 


CO r 76Z r ) 

oy. (oz 


QO C /I c 

oz.040 


77 1 CA 

* /.10U 


1/1/1 A7 

144.0 * 


1 /I Q Tfi 

14o. ( 


OIO 7A 

zlU. /U 


OQA O/l 

zoy.z4 


07C 1 O 

z /0.1U 


OfiQ TO 

zOo. / z 


QAO CO 

oUU.Oz 


QOC OQ 

oUo.yo 




U.olzOo 


A A Q1 7/1 
U.4ol / 4 


O /IAQK.0 

U.4Uo0z 


O 7P.AA7 

U. * 000 * 


A 7^1 OQ 

u. / oiyo 


1 1 0000 
1. IUzUz 


1 OP.1 Q/1 

I.z01o4 


1 /IQQQ^ 


1 Q7AQA 


1 ^71 QO 

1.0 / loz 


1 AOOIO 
l.OUUlz 


20 Ne 


ZOO.oU 


OOQ OA 

yzo.uo 


e.71 i k 
1 1.10 


o0o.4o 


Qfil r^l 
oOl.Ol 


1 QKO O 
loOz.Z 


OA^A O 

zuou.y 


1 QQO O 

looz.z 


1 /I QA A 

14oU.U 


1 ^.fiK A 

1000.4 


1 070 7 

iz /y. / 




n oo/i Q/i 
U.zz4o4 


O QOA/I 
U.OU04 


O /1AQA7 

u.4yoy / 


O QOl Al 

u.oziyi 


A Q1 KQO 

U.olOoz 


1 /il Q1 Q 

l.Ololo 


1 701 

1. /yioo 


1.044zy 


1 OAOA7 


1.00 to 


111 70Q 

1.11 /yo 


22 Ne 


1 / 4.U1 


cm 7Q 
0U1. / o 


/IfiO Q7 

40U.O ( 


Of? A 07 

Z04.Z / 


Oi^Q TP. 

zOo. ( 


OI Q OQ 

yio.zo 


1 1 AA O 

iiuy.u 


1 1 QA Q 

II0U.0 


fil /17 
010.4 / 


71 7 6^7 
( 1 / .0 / 


77c; c 1 

/ /O.Ol 




A 07AQ1 
U.z / 061 


A 7AA71 

u. / yo / 1 


O 7Q1 AO 

U. * olUz 


O A 1 AA/I 
U.4iy04 


A /1 1 fifil 
U.4l00l 


i /ip;ooi 
l.40Uzl 


1 7/ilO/l 

1. /01U4 


1 7A/I7^ 

1 . / y4 / 


O A7QQA 

u.y /ooy 


1 1 QA^ 

i.ioyo 


1 OQQOO 

l.zooUz 


24 Mg 


1 7 QOO 


iyo.oo 


en ccf 

oy.ooo 


oi 07c; 
ol.o / 


07 71 /I 

Z / . * 14 


1 00 

iyy.o / 


1 A7 1 1 

iy /.ii 


1 f^A 1 1 

10y.11 


f?OA OQ 

ozy.uo 


coe Q7 

OUO.o / 


OQQ QO 
ZOO.OZ 




0.08443 


0.94838 


0.28912 


0.15231 


0.13453 


0.96879 


0.95686 


0.82095 


3.05384 


2.45574 


1.13506 


27 A1 


88.976 


137.92 


79.191 


179.09 


191.32 


1623.6 


1986.4 


546.51 


281.54 


302.95 


301.30 




0.17114 


0.26529 


0.15232 


0.34447 


0.368 


3.12289 


3.82086 


1.05121 


0.54154 


0.58273 


0.57954 


28 Si 


31.529 


44.752 


58.603 


93.905 


99.431 


483.77 


590.94 


273.99 


175.02 


211.54 


129.23 




0.15817 


0.2245 


0.29399 


0.47108 


0.49881 


2.42691 


2.9645 


1.37451 


0.878 


1.0612 


0.64831 
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TABLE III: Xni and X ni f° r every nuclide 



Nucleus 


v 2 

XnGL 


^ 2 

XnCH 89 


v 2 

XnKD 


v 2 

XnSKa 


^ 2 

XnSKb 


XnGSl 


■v 2 

XnGS2 


■v 2 

XnGSZ 


^ 2 


v 2 


^ 2 

XnGS6 




X 2 nGL 


X 2 nCH89 


A nKD 


A 72 

A nSKa 


~2 

X nSKb 


X 2 nGSl 


A 72 

X nGS2 


A 72 

X nGS3 


a72 

X nGSA 


^ 2 


X 2 nGS6 


32g 


40.0UO 


1 A 9 OC 

14o.o0 


i oi5 ri/i 
1U0.U4 


1 0(5 OO 

lyo.yz 


1 OO OO 

lyy. yz 


7qo c:n 
/oz.OU 


07f? OO 


AQQ 09 

4oo.Zo 


A OQ Q9 

4Zo.oo 


PlO/1 9 A 

0z4.o4 


A Ad. Ad. 

440.40 




nil qoo 
U. 1 loUZ 


n 9£p;n9 
U.oOoUo 


fl 0(501 

u.zoyi 


fl /I0079 

u.4yy r o 


n p:o7QO 
U.OU / oz 


1 OQPi7Q 

i.yoo / o 


o /i7f;oo 

z.4/ t>yy 


1 OOf^OG 

l.ZZDZo 


1 OQQOO 
l.UooZZ 


1 990(5 

l.ooUO 


1 1 9007 

i.iozy / 


40 Ar 


i n 09(5 

lU.ZoO 


1 09 QO 


i on 9(5 

lyu.oo 


OOQ OO 


QOI 71 
ozl. ^ 1 


1 OPi7 Q 

1UO / .o 


i /i op; 
14Z0.0 


1 1 O/l O 
1 1U4.Z 


/i p;^ p;^ 
400. 00 


£90 m 
OoZ.Ul 


(59cr nQ 
OoO.Uo 




n oi q 
U.Ulo 


n 01 771 

U.zl ill 


U.oo4 ( Z 


O P;OP;(51 
U.OzOOl 


o p;ftp;ft7 


i q p;oi a 


O P;Ofi77 

z.oUO/ ( 


i O/i i p;o 

i.y4ioy 


O Q0070 

u.oUz ( y 


1 111 oo 

i.iiizy 


111 15150 

i.iiooy 


39 K 


1 (5 111 
10. ill 


7/1(5/1/1 
/ 40.44 


7/1(5/1/1 
( 40.44 


7/1 (5 /I Q 

f 40. 4o 


7/1(^/1/1 
/ 40.44 


7/1 /I Q 

/ 4D.4o 


7/1 /I Q 

/ 40. 4o 


1AR AA 
( 40.44 


7/1 f\ 90 

/ 40. oy 


ta« /in 
/ 40. 4U 


7/1(5 /in 
/ 40. 4U 




n oo/i(57 
U.UZ40 / 


i oo7p;(5 
i.uy / oo 


i oo7p;(5 
i.uy ( oo 


1 007P;p; 

i.uy * oo 


i oo7p;p; 

i.uy / oo 


i no7KP. 
i.uy / oo 


1 007P.P. 

i.uy / oo 


i oo7p;p; 
i.uy ( oo 


1 007/1 Q 

i.uy / 4o 


1 007/10 

i.uy ( 4y 


1 007/10 

i.uy / 4y 


40 Ca 


1 7 0(5 K 

i / .yoo 


71 77fi 


A(\ fl7Q 

4y.y ( 6 


1 ooo 

oi.yyu 


fiO 1 OI 

Oz.lUl 


7Q Q/?r 

/ o.ooo 


09 /?-) -| 
OO.Dll 


Q9 OI A 

oo.zl4 


1 OO Ofi 

luy.uo 


1 1 O OO 

11Z.UU 


QO 900 

©y.oUz 




n OziO(5(5 
U.Z4Z00 


u.yoyoz 


o (57p;oi 
U.O f 0U1 


O QQ7QQ 


U.oooo4 


O OOOOQ 

u.yyuyo 


1 1 OOQO 

l.lzyoy 


1 1 O A OO 

l.lZ4Uz 


1 A 79 1 9 

1.4 ( olo 


i c: 1 OQ K 

l.OlzoO 


1 0015015 

l.ZUOzO 


44 Ca 


Zo.o04 


£7 090 

d / .yoy 


1 OQ 07 

lUo.y < 


zoo.y4 


OOO OO 

zyu.yy 


1 OQO O 

IzoU.U 


i 7p;o Q 

i / oy.o 


irf-Q i cr 

ooy.io 


OOO 90 

zuz.oy 


900 P.P. 
oUU.OO 


1 OO H(5 

lyu.uo 




n op;i a 9 
U.Uol4o 


u.i4yo / 


n 090QO 

u.zoyoy 


u.ooyu4 


U.D4UDZ 


O 7H7QO 

z. / u / oy 


Q Q7007 

o.o / zy / 


i op;oo7 
i.zozy / 


U. 44000 


fl f?f?1 f!f? 

U. 00100 


fl A 1 Q/1 1 

U.41o41 


48 Ca 


00.4oU 


i Q/i 1 o 


oca 

zoy.y4 


Alt CO 

411. oz 


/I 71 (57 

4/ l.O / 


1 OOQ O 

izzo.y 


1 1 

lOoo.l 


CCC7 O/l 

oo / .y4 


Of? /I /I Q 

Z04.4o 


9Qr OK 
OOO.ZO 


OQ 1 90 

Zol.oZ 




n i 0(51 o 
U.lUOiy 


u.zooyy 


fl /I07Q1 

u.4y / oi 


fl 7QQ 1 O 


O OOQQ1 

u.yuooi 


z.oOooo 


Q OOQQ 


1 OQ7(^7 


fl PiO^Pil 

U.oUOol 


fl 797Q 


fl CT9Q77 

U.Ooo / / 


48 Ti 


o.uu ( y 


OO Q P.(5 

zy.ooo 


79 O/i o 
/ O.Z4Z 


loo.oy 


i p;o qi 
loy.oi 


OOo.OO 


7QQ AO 

( oo.yo 


O/l Q 90 

z4o.oy 


A 7 OQO 

4 <\zoy 


7Q p;op; 

/ o.oyo 


90 9/10 

oy.o4z 




U.UZOOl 


n i troOO 

u.iozuy 


fl Q7QAO 

u.o < ouy 


fl (?0071 

u.oyu ( i 


fl QI A no 

u.oi4uy 


O Q/1 /lOO 

z.o44zz 


o.yyoo4 


i o^p;oo 
i.zoozy 


fl O/l OQO 

u.z4Uoy 


fl /t0097 
U.4UUO ( 


fl OOO/1 1 

U.ZUU41 


50 Ti 


on org 

oU.ooo 


010 A O 

Z1Z.4Z 


Q7Q 7Q 

o / o. lo 


i c7/i c 
10 ^ 4.0 


1 071 1 
lo / 1.1 


71 97 7 


O/l 99 Q 

y4oo.o 


0(599 1 

zOoo.l 


/I 1 Q 90 

41o.oU 


O/l 9 OQ 

y4o.yo 


901 OI 

ozi.yi 




U.UlolZ 


n noi qi 

u.uyioi 


fl 977(5 p; 
U.O M DO 


U.DoUo 


fl QOQMO 

u.oUooy 


q oQ/iop; 
o.Uo4yo 


/I 0779.9 
4.U / 1 OO 


1 1 9QO/I 

l.looU4 


fl 1 Q070 

u.iou ( y 


fl /I0700 

u. 4u / yy 


fl i 901 9 

u.ioyio 


50y 


o n9Qn 
Z.UooU 


1 Ofl Q7 

IZU.o f 


op; i a i 
ZO. / 41 


q no/io 

o.uy4y 


o OO/I Q 
o.Uy4o 


19 7in 

lo. / Iz 


i 9 7/i p; 
lo. / 40 


1 1 £09 

ll.OUo 


70 79 Q 
/ Z. ( OO 


OI Q1 A 

yi.oi4 


op; p;i q 
ZO.Olo 




U.Uooyo 


o 9(5 cr i o 
O.oOolZ 


fl 71 0(5/1 

u. ( iyo4 


fl OOf^QI 
U.zzOOl 


fl 00(^00 

U.zzDzy 


n 9Q99/1 
U.OO004 


fl 9Q/10P; 

U.oo4Z0 


fl 90/1 97 

U.oZ4o ^ 


O 099P; 
Z.UooO 


O P^f^Q 

Z.OOOo 


fl 719/11 
U. / lo41 


51y 


Q 7H01 

o. < Uzl 


70 QiSn 


070 A Q 

z / Z.4o 


Ofi /I O/l 

zo4.z4 


onr ni 

oUo.Ul 


1 71 /I O 

i / 14. y 


O A OO O 

Z4UU.Z 


p;o9 7Q 
OUo. to 


007 09 

ZZ / .Uo 


9(5 1 90 

oOl.oU 


09 A 97 

Zo4.o ( 




n m p;o/i 
U.U10U4 


n i op;o9 
u.izoyo 


fl /|7fiOO 

u.4 /uyz 


fl A 

U.400D r 


fl co71 O 

U.Oz / Iz 


z.yoo / o 


/I 1 /I Q1 1 
4. 14oll 


fl Q70£P; 

U.o l U00 


fl 9009P; 

u.oyzoo 


fl (50/1 /I 1 

U.0Z441 


fl AC\KC\A 

U.4U0U4 


52 Cr 


1QOAA 

lo.o44 


1 0(5 CiX. 

IUO.Uo 


i n(5 op; 
IUO.Uo 


i op; 
lUo.Uo 


1 f\fi OP; 
lUD.UO 


i C\(\ op; 
lUo.Uo 


i or^ op; 
lUo.Uo 


1 0£ op; 
IUO.Uo 


1 0(5 OO 

1U0.UZ 


1 Of5 H9 

IUO.Uo 


1 0(5 H9 

IUO.Uo 




0.18704 


1.08139 


1.08139 


1.08136 


1.08136 


1.08134 


1.08136 


1.08136 


1.08109 


1.08116 


1.08114 


54 Fe 


7.6120 


35.234 


92.083 


179.01 


212.58 


891.26 


1298.1 


358.16 


81.396 


135.69 


90.474 




0.02476 


0.11461 


0.29954 


0.58231 


0.6915 


2.8992 


4.22255 


1.16506 


0.26478 


0.44138 


0.2943 


56 Fe 


70.286 


246.58 


1048.7 


778.22 


924.34 


6484.5 


9679.7 


2476.7 


512.00 


894.62 


481.51 




0.03276 


0.11495 


0.48887 


0.36277 


0.43089 


3.0228 


4.51225 


1.15455 


0.23867 


0.41703 


0.22446 
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TABLE IV: Xni an d xL f° r every nuclide 



Nucleus 


v 2 

XnGL 


^ 2 


v 2 


v 2 

XnSKa 


^ 2 


v 2 

XnGSl 


■v 2 


■v 2 

XnGS3 


a/ 2 

XnGS4 


v 2 


a/ 2 






X 2 nCH89 


X nKD 


A 72 

X nSKa 


A 72 


X 2 nGSl 


A 72 

X nGS2 


X nGS3 


a72 

X nGS4 


a7 2 


X 2 nGS6 


59 Co 


1 O OQQ 
IZ.ZOO 


i/io i(! 
14Z.10 


14Z.10 


1 A 1 £ 
14Z. ID 


1 /in 1 fl 
14Z. ID 


1 AO 1 d 
14Z. ID 


1 AO 1 £ 
14Z. ID 


14Z. ID 


1 A O 1 A 
14Z. 10 


1 AO 1 (\ 
14Z.1D 


1 AO 1 C\ 
14Z.1D 




U.Uyooo 


i.uyuoi 


i nnn^i 

i.uyuoi 


1 nnn^i 

i.uyuoi 


1 nnnt;i 

i.uyuoi 


1 nnnfii 

i.uyuoi 


1 nnnfii 

i.uyuoi 


i.uyuoi 


1 nnn^i 

i.uyuoi 


1 nnn^i 

i.uyuoi 


1 nnnfii 

i.uyuoi 


5S Ni 


y.oiuo 


i 07 on 

iz ( .yy 


OOO.OO 


Q1 Q AC 

oio.yo 


Q A Q 17 

o4o.l ( 


oop:o q 

zzoy.o 


Q /I n7 Q 

o4U ^.0 


70 1 QQ 


1 7fiO A 

1 f DZ.4 


OOQ 1 7 

zzol. ( 


CCC Q1 

000. ol 




n nnoo 
U.UUoz 


nil 070 
U.llz ( Z 


n n^ /i q 
U.0U04o 


n oonon 
U.zoUoy 


n QnfifiQ 
U.oUDDo 


1 noo7/i 

i.yoy / 4 


Q AAA7 
O.UUU / 


U.Dool 


1 K CO 1 /I 

1.00Z14 


i.yooo ( 


n /iQonc 

u.4oyuo 


60 Ni 


1 A C\1A 
14. U f 4 


i gq no 


077 QQ 
Z / I .OO 


OOQ Q7 
ZZ0.0 / 


Zoo.Uo 


7CQ 70 

/ 00. (\) 


1 1 QC 1 

lloo.l 


o4U.oD 


on nno 

oy.uuy 


1 QO f^G 

loz.Oo 


Q1 Q1 O 

Ol.olZ 




fl n/1 /lOQ 
U.U44Z0 


n «C\C\A A 
U.oUy44 


n G7QQO 

U.o ( ooz 


n 7noni 
U. ( UzUl 


A Ol 1 

U.oll 


Qf^nni 

z.ooyui 


Q ZL(V7A r ? 
O.OD / 4/ 


1 n^n^7 

i.uoyo i 


n 07n7/i 
U.z r y / 4 


n /i 1 7 
U.41 / 


n op;71 
U.ZO / 1Z 


65 Cu 


Iz.ooU 


/ Ol.U 


C7r -1 r\ 

/ 01.U 


C7cn n 

( ou.y 


C7rn r\ 

/ou.y 


/ou.y 


( ou.y 


C7cn n 

^ou.y 


C7cn 7 
^OU. ( 


C7Cn Q 

( 0U.0 


C7Cn Q 

( oU.o 




U.UUZ40 


i nnn77 

i.uyy/ / 


1 nnn77 

i.uyy/ * 


1 nnn7(5 

i.uyy / D 


1 nnn7t; 

i.uyy (D 


1 nnn7t; 

i.uyy 10 


1 nnn7t; 

i.uyy (0 


1 nnn7f? 

i.uyy /o 


1 nnn70 

i.uyy ( z 


1 nnn7/i 

i.uyy / 4 


1 nnn7Q 

i.uyy / 


68 Zn 


O AQQ1 

y.oooi 


ct; cfiQ 
OO.OUo 


Q/1 Q Q /I 

o4o.o4 


Q/1 /I 7fl 

o44. / U 


/IOI Ad 
4Z1.4y 


01 n 
zloo.U 


OOZO.Z 


QQQ QO 

000. oy 


1 07 AO 
1Z ( .4Z 


OC 1 QO 

Z01 .oZ 


QC 7/1 Q 

00. ( 4o 




n ni one 
U.UlZyo 


n n7^i i 
U.U / oil 


u.4oyzo 


n A f\A qk. 
U.404O0 


n p;^77n 
u.od / / y 


nn^no 
z.yuoyo 


/I 7/1 fiAA 

4. / 4ouy 


1 1 Qnn7 
1.1 oUU ( 


n 1 71 f\A 
U.l / 104 


n QQnoQ 


nil 
U.lloo 


70 Ge 


a. a op. /i 
0.4Z04 


i on i^7 
loy.0 ( 


ol.Ooo 


1 A OfiQ 
14.ZDO 


1 Q Q /I O 

lo.o4z 


Ofi (51 Q 
ZD.DlO 


oc: 1 co 

zo.loo 


1 n nfiQ 

ly.yoo 


1 QR 1 1 

loO.ll 


I 7n 01 

I I U.zl 


4o.yyo 




nil Ofii 
U.11Z0 / 


o /] AQ7 A 
Z.44o ( 4 


n KKA P-.0 


n ot^ni c\ 
U.zoUlO 


n OQQno 
U.zooyz 


n /ifif^o 
U.4DDDy 


n a a 1 no 
u.44iuy 


n Q^nni 
U.ooUUl 


z.ooOoo 


Z.yo4o0 


n 771 /io 
U. it 14z 


72 Ge 


O 0CC7 
A. ZOO ( 


/1 1 n Q 1 


101 7^ 

Izl. /0 


1 7 1 Q/1 

1 / .lo4 


1 q onQ 
lo.ZUo 


7C /I 7Q 

/ 0.4 ^0 


/ O.oUl 


AAA "7K 
44.4 / 


qc 1 no 
ool.Uz 


/I QO tx 1 

4oy.oi 


OO 1 Q1 

yz. loi 




n m £.no 
U.UloUz 


o 70/170 

z. / y4/ z 


n 01 n^n 
u.oiuoy 


n 1 1 a a 
U. 1144 


n nQ7Qn 
U.Uo / oy 


U.oUz4D 


U.oUzDl 


n on^n7 
u.zyou i 


Z.000 1 4 


no^Q/i 
z.yzoo4 


n f^i Qf^p; 
U.DloDo 


74 Ge 


OA.. if ( 


oor Q7 

ooo.o f 


oor 07 

000.0 / 


oor Q7 
OOO.O / 


qqc Q7 
OOO.O ( 


oor Q7 
OOO.O / 


oor Q7 
OOO.O / 


oor Q7 
OOO.O / 


QQC Q7 
OOO.O ( 


QQC Q7 
OOO.O / 


QQC Q7 
OOO.O / 




n mi qo 
U. lUloZ 


i nsnsv 
l.Uoyo / 


1 ncnQ7 


1 ncnc7 
i.uoyo ( 


1 nsns7 
i.uoyo / 


1 nsns7 
i.uoyo / 


1 nsnfi7 
i.uoyo / 


1 ncnQ7 
l.Uoyo ( 


1 ncnQ7 
i.uoyo ( 


1 no.no.7 
l.Uoyo ( 


1 nQOQ7 

l.Uoyo / 


86 Sr 


on /inc. 
oz. 4yo 


C70 1 Q 

* z.lo 


771 P>7 


OO.OOo 


ka ni Q 
O4.ulo 


Ol Q QX. 

zio.yo 


1 qo on 
loz.yu 


QA fiKC\ 

y4.ooy 


117 CO 

11 ( .00 


1 1 n c\o 
A 1U.DZ 


sn ka 7 
oU.04 ( 




U.loOlo 


O 7/1GQQ 

z. ( 4yoo 


Q 7n77 

0. / U f f 


U.zo 100 


u.zoyoD 


1 np;oi k 
l.UOZlO 


u.o / oyo 


n A^AQQ 
U.4040O 


U.004 ( 


n p; 1 cq 
U.ooloo 


n QQ7n^ 
U.00 / UD 


89y 


Q/1 nC£! 


oi n q /i 
zlU.o4 


/i o cn 
04o.oU 


A a n 1 c 
44y.lo 


K A no 

04o.Uo 


O/II A A 

Z41U.4 


a oon 7 

4zzy. / 
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0.02777 


0.25945 


0.9744 


0.97247 


1.06054 


2.04924 


2.87722 


0.92822 


0.52803 


0.76168 


0.56098 


93 Nb 


6.0331 


59.669 


132.64 


96.697 


109.79 


293.15 


474.64 


156.33 


58.536 


78.017 


74.355 




0.0431 


0.42625 


0.9475 


0.69076 


0.78426 


2.09412 


3.39063 


1.11676 


0.41815 


0.55732 


0.53116 


103 Rh 


25.912 


111.19 


297.62 


124.95 


148.94 


616.70 


1094.4 


249.09 


27.319 


41.583 


26.426 




0.10312 


0.44248 


1.18441 


0.49725 


0.59273 


2.45422 


4.35515 


0.99128 


0.10872 


0.16548 


0.10516 
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TABLE V: Xni an d X n i f° r every nuclide 



Nucleus 


2 

XnGL 
X 2 nGL 


2 

XnCH89 
X nCH89 


2 

XnKD 
X nKD 


2 

XnSKa 
— 2 

X nSKa 


2 

XnSKb 
X nSKb 


2 

XnGSl 
X nGSl 


2 

XnGS2 
X nGS2 


2 

XnGS3 
J2 

X nGS3 


, 2 

XnGSi 
X nGS4 


2 

XnGS5 
-2 

XnGS5 


2 

XnGse 
X nGsa 


112 Sn 


77.855 


33.197 


33.197 


33.197 


33.197 


33.197 


33.197 


33.197 


33.197 


33.197 


33.197 




2.0897 


0.89103 


0.89103 


0.89103 


0.89103 


0.89103 


0.89103 


0.89103 


0.89103 


0.89103 


0.89103 


116 Sn 


4.6477 


313.44 


67.688 


12.586 


13.315 


34.442 


27.398 


20.246 


628.64 


88.560 


40.459 




0.04085 


2.7551 


0.59498 


0.11063 


0.11704 


0.30274 


0.24083 


0.17796 


5.52578 


0.77844 


0.35563 


118 Sn 


9.4646 


148.32 


458.83 


267.51 


300.56 


507.17 


836.42 


291.12 


213.66 


277.91 


198.33 




0.02967 


0.46492 


1.43822 


0.83851 


0.94212 


1.58975 


2.62179 


0.91253 


0.66972 


0.8711 


0.62167 


120 Sn 


28.745 


144.11 


500.76 


206.60 


238.92 


761.11 


1240.7 


324.49 


162.90 


195.20 


163.12 




0.07971 


0.39962 


1.38864 


0.57293 


0.66255 


2.11064 


3.44068 


0.89984 


0.45174 


0.5413 


0.45234 


124 Sn 


13.999 


41.086 


81.178 


86.983 


100.78 


130.79 


180.37 


75.561 


50.654 


76.368 


59.802 




0.17156 


0.50352 


0.99486 


1.066 


1.23513 


1.6029 


2.21043 


0.92602 


0.62078 


0.93591 


0.73289 


140 Ce 


54.654 


1990.5 


3489.8 


812.98 


843.26 


1101.4 


1355.3 


1267.8 


922.97 


958.50 


1184.6 




0.043 


1.566 


2.74556 


0.63961 


0.66343 


0.8665 


1.06627 


0.99741 


0.72615 


0.7541 


0.93197 


181 Ta 


13.069 


75.215 


105.41 


388.21 


193.25 


343.66 


515.50 


427.46 


255.40 


267.21 


375.11 




0.04857 


0.27956 


0.39179 


1.44291 


0.71826 


1.27734 


1.91603 


1.58881 


0.94928 


0.9932 


1.39424 


186 W 


1.0145 


1244.7 


1244.7 


1244.7 


1244.7 


1244.7 


1244.7 


1244.7 


1244.7 


1244.7 


1244.7 




8.96515E-4 


1.09991 


1.09991 


1.09991 


1.09991 


1.09991 


1.09991 


1.09991 


1.09991 


1.09991 


1.09991 


197 Au 


7.6812 


35.696 


75.052 


87.911 


106.42 


247.08 


445.72 


135.90 


59.359 


69.881 


72.441 




0.06291 


0.29234 


0.61465 


0.71996 


0.87156 


2.02355 


3.65036 


1.11295 


0.48614 


0.57231 


0.59327 


206p b 


205.91 


7309.3 


7459.7 


4733.7 


4716.0 


9804.2 


9788.2 


9489.0 


8019.8 


8002.3 


8441.2 




0.02905 


1.0312 


1.05242 


0.66783 


0.66534 


1.38319 


1.38094 


1.33871 


1.13144 


1.12898 


1.1909 


208p b 


15.849 


80.832 


113.44 


144.37 


161.28 


297.72 


437.82 


235.44 


152.40 


163.79 


182.23 




0.08782 


0.4479 


0.6286 


0.79994 


0.89367 


1.64971 


2.42601 


1.30456 


0.84449 


0.90757 


1.00974 


209 Bi 


101.66 


178.16 


184.73 


124.73 


124.26 


148.18 


4999.0 


139.32 


131.99 


135.59 


142.30 




0.17446 


0.30575 


0.31702 


0.21405 


0.21325 


0.25429 


8.57874 


0.23908 


0.2265 


0.23268 


0.2442 


232 Th 


35.618 


69.459 


100.16 


371.41 


410.92 


526.24 


508.48 


468.44 


364.68 


417.11 


437.94 




0.10559 


0.20592 


0.29694 


1.10109 


1.2182 


1.56009 


1.50743 


1.38873 


1.08112 


1.23657 


1.29831 
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TABLE VI: The values of <x 2 i> 



i= 


GL 


CH89 


KD 


SKa 


SKb 


GS1 


GS2 


GS3 


GS4 


GS5 


GS6 


X? 

< x\ > 


51.1028 
0.19786 


485.745 
0.79667 


584.372 
0.80986 


464.709 
0.67989 


483.162 
0.70624 


1152.13 
1.61375 


1559.94 
2.30155 


768.408 
1.05254 


585.646 
1.02148 


629.419 
1.0355 


549.981 
0.79799 




FIG. 1: The deuteron ground state wave function 4>d(r). 
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FIG. 2: Comparisons between the experimental angular distributions of elastic scattering in the center of mass frame for 24 Mg 
and the calculated values from the global deuteron optical potential parameters (GL) and the folding deuteron optical potential 
constructed with phenomenological global nucleon optical potential CH89 and the microscopic nucleon optical potential with 
the modified Skyrme force parameter SKa. The black dots denote the experimental data, the solid lines represent the values 
of GL, the dashed lines correspond to the values of CH89, the dotted lines to the values of SKa. The experimental data are 
taken from Refs. ]j| 20] 21], the same symbols are used in other figures. 
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FIG. 3: Comparisons between the experimental angular distributions of elastic scattering in the center of mass frame for 120 Sn 
and the calculated values from the global deuteron optical potential parameters (GL) and the folding deuteron optical potential 
constructed with phenomenological global nucleon optical potential CH89 and the microscopic nucleon optical potential with 
the modified Skyrme force parameter SKa. The experimental data are taken from Ref. 
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FIG. 4: Comparisons between the experimental reaction cross sections and the calculated values from the global deuteron 
optical potential parameters (GL) and the folding deuteron optical potential constructed with phenomenological global nucleon 
optical potential CH89 and the microscopic nucleon optical potential with the modified Skyrme force parameter SKa. The 
experimental data are taken from Ref. 
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FIG. 5: Comparisons between the real parts of the folding deuteron optical potentials constructed with phenomenological global 
nucleon optical potential CH89 and the microscopic nucleon optical potential with the modified Skyrme force parameter SKa 
and those of the global deuteron optical potential for 208 Pb. 
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FIG. 6: Comparisons between the imaginary parts of the folding deuteron optical potentials constructed with phenomenological 
global nucleon optical potential CH89 and the microscopic nucleon optical potential with the modified Skyrme force parameter 
SKa and those of the global deuteron optical potential for 208 Pb. 



